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Abstract
1 - Transitional waters are characterized by specific ecological features and an intrinsic heterogeneity; 
because of their high vulnerability they need particular conservation and management measures, 
specifically based on the knowledge of their biological and taxonomic diversity. 
2 - In particular, the study of phytoplankton communities is widely used as an important water quality 
indicator because of its high species richness and sensitivity to environmental factors. 
3 - This study investigated the phytoplankton community of the Lesina lagoon, describing its taxonomic 
composition and abundance in order to provide a systematic list that could be useful to improve 
our knowledge of the Lesina lagoon biological features and, in general, of transitional water 
phytoplankton communities. 
4 - In the whole sampling area we identified 62 taxa, belonging to 18 classes or groups; Dinophyceae 
were the taxonomic group with the highest percentage of overall phytoplankton cell density (16.2 
%), following by Cryptophyceae (11.0%) and Bacillariophyceae (10.1%). No dominant taxa were 
found considering all studied area.
5 - Phytoplankton taxonomic structure in the Lesina lagoon was characterized by Dinophyeceae 
and Bacillariophycea and also by a large number of species of small dimensions (particularly 
Phytoflagellates and Cryptophyceae), that are typical of the environments, like transitional waters, 
characterized by high instability in the structural characteristics of the water mass and in resource 
availability.
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Introduction 
Transitional waters are characterized by 
specific ecological features and an intrinsic 
heterogeneity, mainly due to their specific 
geomorphology, catchment area geology, and 
geographic location, as well as to differences 
in freshwater runoff and tidal salt water 
exchanges. Human activity can also be an 
important source of habitat heterogeneity, 
resulting from different land uses in the 
catchment area (e.g. agriculture, tourism, 
etc.).
Hence, transitional waters are vulnerable 
ecosystems that need particular conservation 
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and management measures, specifically 
based on the knowledge of their biological 
and taxonomic diversity (Lucena-Maya et 
al., 2010).
The study of phytoplankton communities is 
widely used as an important water quality 
indicator because of its high species richness 
and sensitivity to environmental factors 
(Murphy et al., 2002). As primary producers, 
the phytoplankton is directly influenced 
by physical and chemical factors. Changes 
in phytoplankton community status have 
direct implications for the bio-integrity 
of the transitional water ecosystem as a 
whole. Phytoplankton include prokaryotic 
cyanobacteria and eukaryotic algal groups 
(such as Chlorophytes, Crysophytes, 
Cryptophytes, Bacillariophyta and 
Dinophyta) (Vadrucci et al., 2008). As in 
other water bodies, they account for the bulk 
of primary production and play an important 
role in carbon, nutrient and oxygen cycles in 
transitional water ecosystems. Studies of algal 
responses to environmental heterogeneity 
in transitional waters have demonstrated 
the direct effects of abiotic factors on their 
survival, growth and reproduction (Pearl 
et al., 2005). Various authors (Lucas et al., 
1999; Ferreira et al., 2005) have shown that 
phytoplankton biodiversity and dynamics in 
transitional waters are controlled by factors 
such as flushing rate, residence time, depth, 
salinity, light and nutrient concentrations. 
These regulate the balance between 
immigration and emigration of species 
from the input and output environments 
(the stochastic component of taxonomic 
diversity), and determine the competitive 
advantage of the best-adapted species to 
actual local environmental conditions (the 
deterministic component of taxonomic 
diversity).
Moreover algae generally have high 
reproduction rates and very short life cycles, 
making them valuable indicators of short-
term (scales of days—weeks) impacts. 
Anthropogenic factors include enrichment 
by nutrients and organic material as well as 
physical and hydromorphological impacts, 
such as increased turbidity and reduced tidal 
action from physical constructions (Sommer, 
1989; Gallegos et al., 1992; Harding, 
1994; Cloern, 2001). Variability in the 
phytoplankton communities can be observed 
in terms of the occurrence of individual 
species, their relative abundances, and the 
timing and frequency of blooms. 
Therefore, phytoplankton provides a good 
indication of water trophic state, measurable, 
because of high sensitive to some pollutants 
which may not visibly affect other aquatic 
assemblages or may only affect other 
organisms at higher concentrations (e.g. 
for herbicides see Nyström et al., 1999; 
Netherland et al., 2009). Phytoplankton 
community is a natural bioindicator because 
of its complex and rapid responses to 
fluctuations of environmental conditions; 
hence it can provide finer-scale assessment 
of changes due to ecological impacts 
(Livingston, 2001). 
The aim of this study was to investigate 
the phytoplankton community of the 
Lesina lagoon (Apulia-Italy), describing its 
taxonomic composition and abundance in 
order to provide a systematic list that could 
be useful to improve our knowledge of the 
Lesina lagoon biological features and, in 
general, of transitional water phytoplankton 
communities. 
Materials and Methods 
Study area
The Lesina Lagoon (Fig. 1), located on the 
southern Adriatic coast of Italy (Puglia 
region), is a non tidal transitional water 
body, characterised by shallow waters (0.7-
1.5 m) with an area of 51 km2. The lagoon is 
connected to the sea through two channels: 
Acquarotta (2 km long), and Schiapparo 
(1 km long). The salinity of the lagoon 
ranges between 20.0 and 29.5 while water 
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temperature ranges from 10 °C in winter to 
29 °C in summer. No stratification exists 
in the water column. The hydrological 
heterogeneity in the lagoon is strongly 
influenced by meteorological conditions, 
continental inputs and low tidal exchange 
(Roselli et al., 2009). Numerous watercourses 
flow into the basin, mainly along its southern 
edge, entering wastewater discharges 
from three municipalities with a total of 
30000 inhabitants, aquaculture plants and 
agricultural runoff from 21000 ha of arable 
land. Nevertheless, potentially the lagoon has 
a low vulnerability to human activities even 
though eutrophication events are registered 
(Vignes et al., 2009). During summer 
2008, the whole of the western part of the 
lagoon was affected by a severe dystrophic 
crisis resulting in hypoxic conditions for 
about a month (Roselli et al., 2009) and 
affecting all ecosystem compartments 
(Specchiulli et al., 2009; Vadrucci et al. 
2009). Among the causes of this dystrophic 
event may have include the extreme climate 
events, strong microbial decomposition 
processes and reduced hydrodynamism 
(Roselli et al., 2009; Vignes et al., 2009).
Biological sampling and identification
The sampling was carried out during the third 
week of September 2009. Five stations were 
selected along a gradient of eutrophication 
from the western to the eastern part of the 
lagoon (Fig. 1), following the experience 
achieved with the monitoring programme 
and the analysis of a dystrophic crisis event 
in 2008. At each station, 3 replicate water 
samples were collected for phytoplankton, 
using a Ruttner bottle. Samples were 
transferred to PET bottles and immediately 
fixed with 1% Lugol’s solution (15mL per 
litre of sample). Water samples were kept 
at 4°C in a dark place and were analyzed no 
more than two months after sampling.
Taxonomic composition of nano- and 
Figure 1. Figure 1: Study site (Lesina lagoon, Apulia-Italy), showing sampling stations: ● Fish farm; ▲ 
urban wastewater treatment plants; ■ livestock farms;  drainage pumping stations (Idrovora Lauro and 
Idrovora Pilla (map modified from Roselli at al 2009).
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microphytoplankton guilds was assessed 
using Utermöhl’s method (Utermöhl, 1958). 
Phytoplankton counts were performed using 
inverted microscope (Nikon T300E, Zeiss IM. 
35; Leica, Fluovert Fu), at 400xmagnification, 
after sedimentation of 5 to 50 ml subsamples. 
For each subsample, 400 cells of the most 
abundant phytoplankton species were counted 
and identified. Rare species were counted 
and identified by screening the whole bottom 
of the sedimentation chamber. The minimum 
cell size considered for counting was 5 µm. 
Phytoplankton nomenclature followed Tomas 
(1997), Rampi and Bernhard (1980a; 1980b; 
1980c), Schiller (1933-1937), Sournia (1986; 
1987), Cupp (1943) and Dodge (1982).
Results and discussion
The list of phytoplankton taxa is shown in 
Appendix 1. In the whole sampling area we 
identified 62 taxa, belonging to 18 classes 
or groups, including 15 Dinophyceae, 
9 Bacillariophyceae, 6 Mediophyceae 
and Coscinodiscophyceae, while the 
remaining classes (Prymnesiophyceae, 
Prasinophyceae, Cryptophyceae, Chloro-
phyceae, Mamiellophyceae, Euglenophyceae, 
Chrysophyceae, Trebouxiophyceae, Synuro-
phyceae, Phytoflagellates, Pedinophyceae, 
Cyanophyceae and Bodonophyceae)
accounted for less than 4 taxa each.
The stations 1 and 3 recorded the highest 
value of taxa (39), while the station 5 showed 
the minimum one (32).
More than 30.6% of phytoplankton taxa were 
common to all stations, while the 27.4% (19 
taxa) were observed in only one station. 
Quantitatively, considering the whole 
ecosystem, Dinophyceae were the taxonomic 
group with the highest percentage of overall 
phytoplankton cell density, (16.2 %), 
following by the Cryptophyceae (11.0%) 
Bacillariophyceae (9.6%) and Prasinophyceae 
(8.6%); the other classes remained under 
the 6 %, with the minimum recorded for the 
Cyanophyceae (0.3%).
The percentage contribution (% of 
abundance of cell density) of the identified 
classes in each station is reported in Table 
1. In station 1 the class of Cryptophyceae 
recorded the highest values of abundance 
followed by Dinophyceae and Mediophyceae 
(see Table 1). While, in stations from 2 
to 5 the Dinophyceae was the class most 
abundant, followed by Bacillariophyceae and 
Cryptophyceae (see Table 1).
In the 5 monitored stations, the dominant 
taxon was Cryptophyceae undet. although 
showing a different cumulative abundance 
(between the 72 and 100 %). 
Phytoplankton taxonomic structure in 
the Lesina lagoon was characterized by 
Dinophyeceae and Bacillariophycea and 
also by a large number of species of small 
dimensions (particularly Phytoflagellates 
and Cryptophyceae). Similar results have 
been reported in other studies carried out in 
estuarine or transitional water ecosystems in 
temperate regions (Raymont, 1980; Giacobbe 
et al., 1996; Watson et al., 1997; Mallin et al., 
2000), in the Mediterranean basin (Vadrucci 
et al., 2008), and in the same ecosystem under 
a dystrophyc event (Vadrucci et al., 2009).
Various authors (e.g. Margalef, 1978; 
Reynolds, 1997) indicate that these taxa 
of small dimension are in general typical 
of the environments characterized by high 
instability in the structural characteristics 
of the water mass and in resource 
availability, which is usual of transitional 
water ecosystems. In such situations, 
phytoplankton community organization is 
weak and primitive, and typically dominated 
by opportunistic species of small dimensions 
with high replication rates and high surface/
volume ratios, able to respond rapidly to 
environmental change. However, there is no 
certainty about which species arrive first or 
in what proportions; stochastic processes will 
thus play a significant role in determining 
the composition of the community. 
This is supported by the significant level of 
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Appendix 1- List of phytoplankton taxa identified in the 5 stations.
STATIONS 1 2 3 4 5 
Bacillariophyceae 
Achnanthes sp. 
  
● 
  Ceratoneis closterium Ehrenberg (1839) ● ● ● ● 
 Cocconeis scutellum  Ehrenberg (1838) 
   
● 
 Cocconeis sp. ● ● 
 
● ● 
Navicula transitans Cleve (1883) 
 
● ● 
  Navicula sp. ● ● ● ● ● 
Nitzschia sp. 
 
● 
   Thalassionema sp. 
  
● 
  Bacillariophyceae undet. 
  
● 
  Bodonophyceae 
Rhynchomonas nasuta (Stokes) Klebs (1892)  ● ●       
Chlorophyceae 
Carteria sp. ● 
 
● 
  Chlamydomonas sp. ● ● ● ● 
 Chlorophyceae undet.  ● ● ● ● ● 
Chrysophyceae 
 Chromulina sp. ● 
    Ollicola vangoorii (Conrad) Vørs (1992)  ● ● ● ● ● 
Coscinodiscophyceae 
Coscinodiscus sp.  
 
● 
   Melosira nummuloides Agardh (1824) ● 
 
● 
  Melosira sp. 
    
● 
Thalassiosira sp.  ● 
 
● 
  Thalassiosiraceae undet.  ●     ● ● 
Cryptophyceae 
	   	   	   	   	   	  Hillea sp. ● ● 
 
● 
 Rhodomonas sp. ● 
    Cryptophyceae undet.  ● ● ● ● ● 
Cyanophyceae 
Merismopedia sp.       ● ● 
Dinophyceae 
	   	   	   	   	  
Akashiwo sanguinea  Hansen & Moestrup (2000)    ● ● 
Amphidinium carteri Hulburt 1957    ● ● 
Amphidinium sp. ●  ● ● ● 
Gymnodinium sp. ● ● ● ● ● 
Oxytoxum sp.  ● ● ● ● 
Prorocentrum micans Ehrenberg (1833)  ●    
Prorocentrum minimum (Pavillard) Schiller (1933)   ● ●  
Prorocentrum scutellum Schröder (1900)   ● ●  
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Appendix 1 - Continued.
STATIONS 1 2 3 4 5 
Dinophyceae      
Prorocentrum sp. ● ● ● ● ● 
Protoperidinium depressum (Bailey) Balech (1974) 
  
● 
  Protoperidinium steinii (Jorgensen) Balech (1974) 
   
● 
 Protoperidinium sp. ● ● ● ● ● 
Scrippsiella trochoidea (Stein) Balech ex Loeblich III 
(1965) 
   
● 
 Dinophyceae undet. (athecate) ● ● ● ● ● 
Dinophyceae undet. (thecate) ● ● ● ● ● 
Euglenophyceae 
Euglena sp. ● ● ● ● ● 
Trachelomonas sp.     ● ● ● 
Mamiellophyceae 
 Mamiella sp. ● ● ● ● ● 
Micromonas sp. ●   ●     
Mediophyceae 
Cerataulina pelagica (Cleve) Hendey (1937) 
    
● 
Chaetoceros decipiens Cleve (1873) ● 
  
● 
 Chaetoceros tenuissimus Meunier (1913) ● 
    Chaetoceros wighamii Brightwell (1856) ● 
    Chaetoceros sp.  ● ● 
 
● ● 
Mediophyceae undet. 
	   	  
● ● ● 
Pedinophyceae 
Resultor sp. ● ● ● ● ● 
Prasinophyceae 
Pterosperma sp. ● 
 
● 
  Pyramimonas sp. ● ● 
   Tetraselmis sp. ● ● ● ● ● 
Prasinophyceae undet. ● ● ● ● ● 
Prymnesiophyceae 
Imantonia sp. ● ● ● ● ● 
Phaeocystis sp. ● 
    Coccolithophorideae undet. 
 
● ● ● ● 
Prymnesiophyceae undet. ● ● ● ● ● 
Synurophyceae 
Boekelovia sp. ● ● ● ● ● 
Trebouxiophyceae 
Chlorella sp. ● ● ● ●   
Phytoflagellates 
Phytoflagellates undet. ● ● ● ● ● 
Others phytoflagellates 
Algae undet. ● ● ● ● ● 
